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An efficient hybrid finite elcmm[ - intcgrfi]  cquati(m  lcchrliquc  has recently being
dcvc.loped to model 11N4  scat(cring  from (hrcc - dimcnsion:i]  ir)}]o]]logc]lc{)t]s pcnctrablc
boclics of arbitrary shape, and is currently being cxte.ndcd to tmt radiation problems. ‘1’hc
salient fe.aturcs of the mc[hocl arc pmc.ntc.d  here ancl results are illus[mtcci for some
simp]c antennas, and contrasted wi(h me.asurd  data,
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‘1’hc finite eleme.l~t  technique is wry appealing for its ability to accurately model  the
physical features of an ol)jcct to a scale much smaller th8n the wave.length of intcmst,
parlicular]y  when one is conccrne(l  with Ihc evaluation of near - mm fields or fie]ci
lc.l:itcd  quantities inside a pcnctrablc object, as is the case in ante.nna design  and analysis.

‘1’0 limit 11v3 co])l])t]tatior):il”  dcmain  in the case of opc.n structures, an integral ec]uatim  is
set - up on H mathcma[ical  surface of revolution emvc.loping  the true scattcrcr/racliator,
thus enforcing an exact boundary condition. ‘1’hc surf act of revolution nccc]s not be in the
Pdr - field, thus reducing the problcm  size compared to altcxn;itive truncation methods
employing absorbing boundary conditions. hlorc.over, the choice of a surface, of
revolution al]ows for a very cfficicnt rcprcscntation  of the surfiacc  integral equation
unknowns and resulting matrices [ 1].

‘J’o incorporate the treatl]]cllt  of radiation it is nc.ccss:iry  to dcscribc the Source

consistcmtly with the finite clcmcnt modeling tcchique. Prescription of the source fields is
possible for a variety of simple cases [2], but it is gcnmally  difficult for a realistic
alltcnna,  where the feed is complicated. WC propose here an approach which applies to
antennas fed by wavcguidcs  or coaxial cable.s, but which arc othcmvisc  of general shape
and material composition

It] many practicti] cases radiating structures arc fcd by \~:ivcgtli(lc.s/coaxial cab]cs, and an
intc.rp~ce,  can bc locatcci  which optimally scp:iratcs the two. Such an interface is employed
here as an a(lditional  s~lrPdcc  which bounds the coll)l)tltatiorl:il”  domain, d]us allc)wing us m
Jnodcl  only the r:icliatil)g  structure per se. At the intcrfidcc.,  and looking toward tl~c sowcc,
the rc.prcse.ntation  of the l{h4 fields is conveniently done via a waveguidc mode
{icco]l)positi(m,  account  it]g for propa:,ating and evanescent modes arising in the prcsmce
of geometric discontinuitics  at or near the intcrfxe. on the other hand, looking into the
ncliating  structure, the finite clcmcnt model comp]ctcly  (lc.scribes the unknown field. IIy
]natching  the two rc])]cscIltatio])s  a constraint OH the unkno~vn fic.ld is founci which allows
for the correct truncation of the computati(mal  domain, without introducing additional
unknowns, once the dominant wave.guide mode is spc.cificci.

‘J’hc formulation of this tc.chniquc  makes use. of an intcgra] form of the wave cquati(m in
the volume of computation, writ(en for either the magnetic or the c.lcctric  field, and of a
combined electric field - magnetic field inlc.gral  c.quation  on the bounding  surface. of
revolution, writte,n for both clc.ctric and ma~nctic surface currents. A third equation is
obtained by explicitly enforcing continuity of the tangential component of the unknown
field at the surp~ce  of revolution, as cxp”e.sscd  by the two Ic])l”esc.lltatic)  lls. ]n the wave
equation, matching of the wavcguiclc  modal rcJ)lcscl)t:i(iO1l  to the finite c]emcnt
rc.presentation at the antenna interface is accomp]ishc.d  via a proper surfidce inte.gra] tc.rm,
involving only the unknowns rc})rcscnting  the tangcntiti] field at this surface.



First order, vector edge - clcmcnts  m usc.ci in our finite clement rcprcscntation,  and the
unknowns are the field components along each edge of the tetrahedral elements meshing
the computational domain, On the surface of revolution an a(iciiticmal  set of surface
cwxmts  unknowns is introduced for the integral equation; the surface currents arc
rc.prcscntcd  as linearly varying along the ~cncrator  and having a lkmrier series azimuthal
variation. Construction and meshing c)f the radiator, an(i the volume of air surrounding it
up to the bounding surface, is acconlplished  with the usc of a commercially available
p:ickagc.

‘1’hc problem of the radiaticm from an open - cndc(i wawguidc  is presented here as an
example, to vali(iate  the approach an(l to illustrate how to efficiently han(ile unbounciecl
ra(iiators. Preliminary results  of ]lp ca]cll]:ttcd  at the wavcguidc  intcrfi~cc  arc shown in
l:ig. 1, contrasted with the analytical solution. “1’hc  issues of optimal mesh choice and
related  accuracy will be discussed.
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. CIRCULAR WAVEGUIDE KA = 2
COMPARISON BETWEEN CALCULATED AND

THEORETICAL Ep
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